Abstract. We analyze the masses of the negative parity SU´6µ 70-plet baryons using the 1 N c expansion to order 1 N c and to first order in SU´3µ breaking. At this level of precision there are twenty predictions which include the well known Gell-Mann Okubo and equal spacing relations together with four new relations involving SU´3µ breaking splittings in different SU´3µ multiplets. Although the breaking of SU´6µ symmetry occurs at zeroth order in 1 N c , it turns out to be small. The dominant source of the breaking is the hyperfine interaction which is of order 1 N c . The spinorbit interaction, of zeroth order in 1 N c , is entirely fixed by the splitting between the singlet states Λ´1405µ and Λ´1520µ, and the spin-orbit puzzle is solved by the presence of other zeroth order operators involving flavor exchange.
INTRODUCTION
The understanding of baryons and their excitations from QCD still represents a wide open chapter in strong interaction physics. With some exceptions, such understanding is largely based on data of different sorts and its analyses by means of models, most prominently the constituent quark model in its different versions [1] . One exception are the ground state baryons, namely the spin 1/2 octet and spin 3/2 decouplet, where definite progress in relating observables to QCD has been achieved by means of effective theories. At low energies Chiral Perturbation Theory (ChPT) is such an effective theory [2] . Beyond the low energy domain the availability of effective theories has been limited. In particular, in the resonance domain (excited baryons) there has not been a well established model independent analysis scheme. In order to formulate an effective theory, it is necessary to identify the small expansion parameters available. In the resonance domain, besides the light quark masses, one such expansion parameter is provided by 1 N c . Based on general arguments, it is believed that an expansion in 1 N c as first proposed by 't Hooft [3] should hold in QCD in all regimes. The application of the 1 N c expansion to baryons starting with the pioneering work of Witten [4] has served to understand numerous issues. In the past several years the 1 N c expansion in the ground state baryons has been extensively investigated as summarized in several reviews [5] . The expansion in 1 N c for excited baryons has been proposed and applied in several works [6, 7, 8, 9, 10] with encouraging success.
The importance of having a model independent approach to the physics of excited baryons should be emphasized. On one hand it is still mysterious how and why constituent quark models are a good qualitative, and at times also quantitative, description of that sector. It is not quite clear either what the specific deficiencies of the different versions of the quark model are. On the other hand, there is currently important experimental improvement being achieved in particular thanks to the N £ program at Jefferson Lab [11] , where the study of non-strange resonances is being carried out with unprecedented precision, and also there is important progress towards studying the baryon spectrum by means of lattice QCD simulations [12] . Sorting out and understanding the physics emerging from the old and new experimental data as well as from the lattice would be greatly optimized if an effective theory is available.
Although baryons in the large N c limit belong to increasingly large representations of the spin and flavor groups, thus giving the appearance that they are increasingly complicated, there is instead a great degree of simplification emerging in that limit. In the ground state sector it was discovered [13, 14] that the requirement that unitarity be fulfilled in π-N elastic scattering in the large N c limit requires a dynamical spinflavor symmetry that leads to the mentioned simplification. This dynamical symmetry is a contracted SU´2Fµ spin-flavor symmetry, where F is the number of flavors. Up to corrections of order 1 N c it is possible to replace the contracted symmetry group by the ordinary SU´2Fµ group [15] . The possibility of building an effective theory based on this dynamical symmetry rests on the fact that for ground state baryons the symmetry is broken at order 1 N c . It is therefore possible to implement the 1 N c expansion around the spin-flavor symmetry limit. Once the spin-flavor multiplet has been identified, which in the case of ground state baryons is the totally symmetric SU´2Fµ representation with N c fundamental indexes, the 1 N c expansion of different observables can be carried out in terms of an expansion in composite operators which are sorted according to their order in 1 N c . For different static observables, such as masses, magnetic moments, axial couplings, etc., using the Wigner-Eckart theorem a basis of operators can be built in terms of products of the generators of the spin-flavor group. This method was applied in the sixties [16] , and when combined with the 1 N c expansion it has lead to very successful analyses of various ground state baryon observables (see Refs. [5] and references therein).
While the 1 N c expansion is implemented rigorously along those lines for the ground state baryons, for excited baryons there is one difficulty of principle. This has to do with the observation [7] , to be made more explicit later, that in general spin-flavor symmetry is not exact for excited baryons even in the N c ∞ limit. The breaking of spin-flavor symmetry at zeroth order in 1 N c is identified in the constituent quark picture by the coupling of the orbital angular momentum. Such a breaking can give rise to spin-flavor configuration mixing, i.e. mixing of different spin-flavor representations, at zeroth order. This would suggest that spin-flavor symmetry cannot be used to formulate the 1 N c expansion. However, it is well established from phenomenology that the orbital angular momentum couples very weakly. This is shown in analyses in the quark model [17, 18] as well as analyses in the 1 N c expansion along the lines followed in this work. The zeroth order spin-flavor symmetry breaking turns out to be in the real world with N c 3 similar in magnitude to that of order 1 N c breaking effects. This is illustrated by comparing the spin-orbit splitting of 115 MeV between the negative parity singlet Λs, namely the Λ´1405µ and the Λ´1520µ, to the hyperfine splittings that are of order 1 N c and about 150 MeV in the corresponding negative parity states. This suggests that configuration mixing will as well be small. With this latter assumption, it is appropriate in practice to neglect configuration mixing in studying the spectrum to a level of precision of order 1 N c when N c 3. In the present analysis of the negative parity baryons that belong primarily to the 70-plet of SU´6µ, a systematic error of order δ 2 mix ∆M where δ mix is the mixing component of the mass Hamiltonian and ∆M is the splitting between the 70-plet and the 56-plet with which it mixes. Unfortunately no solid information exists about negative parity baryons that could be assigned primarily to a 56-plet, and therefore no convincing estimate can at present be made about that systematic error. Thus, with the hypothesis that configuration mixing is small, the implementation of the 1 N c expansion for excited baryons masses by working within a spin-flavor multiplet can be carried out along similar lines as in the ground state baryons as it was shown in [7, 9, 19, 20] .
It should be noticed that excited baryons are not narrow in the large N c limit [6, 8, 21] In the early study of negative parity baryon masses the non-strange baryons were considered, where the expansion was carried out up to order 1 N 2 c [9] . In this contribution we review the work reported in Refs. [19, 20] where the SU´6µ 70-plet masses were analyzed to order 1 N c and to order ε where this latter parameter is a measure of the magnitude of SU´3µ breaking by the strange quark mass.
NEGATIVE PARITY BARYON STATES
The excited baryon states that correspond in the constituent quark model to the first radial and orbital excitations fit quite well into respectively a positive parity 56 · and a negative parity 70 irreducible representation of the spin-flavor group SU´6µ. Although in both cases not all the states have been experimentally determined, it seems that with those that are well established, namely those assigned a status of at least three stars by the Particle Data Group [22] , it is safe to establish that observation. This conclusion is reinforced by the success of the analyses of the masses in both groups of states [9, 19, 21] .
In a constituent quark picture and in the large N c limit, the lowest baryonic excitations consist of a core of N c 1 quarks in the ground state of the Hartree effective potential, the core being therefore in the totally symmetric spin-flavor representation, and an excited quark, which for the negative parity baryons discussed in this work is in an 1 state [7, 6] . The states therefore fill the´3 70µ multiplet of the group O´3µ ª SU´6µ.
Phenomenology strongly indicates that even when the current quark masses are small and the constituent quark picture is most likely not accurate, the states can still be identified as belonging to the´3 70µ. Since for the group theoretical aspects of the analysis in this work the use of the constituent quark picture can be made with no loss of generality, throughout the constituent quark terminology will be often used.
In order to explicitly build the states, it is first convenient to give a brief review of the SU´6µ group. It has thirty five generators, namely S i T a G ia , with i 1 2 3 and a 1 ¡ ¡ ¡ 8, where the first three are the generators of the spin SU´2µ, the second eight are the generators of flavor SU´3µ, and the last twenty four can be identified as an octet of axial-vector currents in the limit of zero momentum transfer. The algebra of SU´6µ has the following commutation relations that fix the normalizations of the generators:
where d abc and f abc are the usual SU´3µ symmetric and antisymmetric tensors, respectively. In the non-relativistic quark picture these generators can be expressed in terms of the quark fields:
where the Gell-Mann matrices are normalized as Trλ a λ b 2δ ab . The states in the totally symmetric irreducible representation S are given by a Young tableau that consists of a single row of N c boxes, and the mixed symmetric irreducible representation MS relevant to this work consists of a row with N c 1 boxes and a second row with one box.
In order to build the states belonging to the mixed symmetric SU´6µ irreducible representation it is convenient to start by considering the states 
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Making use of these relations the p 2S states in the MS representation turn out to be given by
The states belonging to the (3,70) of O´3µ ª SU´6µ are now expressed by including the orbital angular momentum:
where J is the total angular momentum of the baryon. ). The corresponding states in these multiplets are shown in the first column of Table 2 .
The octets´p 1µ of spin 1/2 satisfy p 2S and therefore involve a linear combination of core states as specified in Eqn. (4) . All other states have p 2S and have therefore core states with well defined spin: the spin 3/2 octets as well as the decouplets (p 3) have S c 1, and the two singlet Λ states (p 0) have S c 0.
In the limit of exact SU´3µ symmetry there are two possible mixings induced by interactions that break spin-flavor symmetry. These mixings are between the pairs of states that are in the two octets with same J. The mixing angles are defined according to:
where J are mass eigenstates, and the mixing angles are constrained to be in the interval 0 πµ. At this point it is easy to check that in the SU´3µ limit there are nine masses and two mixing angles, i.e., eleven observables.
MASS OPERATORS
In the subspace of the MS states, the mass operator can be expressed in terms of a linear combination of composite operators sorted according to their order in 1 N c . A basis of such composite operators can be constructed using the O´3µ ª SU´6µ generators, distinguishing two sets according to whether the generator acts on the core or on the excited quark. Generators acting on the core will be denoted by S c i T c a G c ia and those acting on the excited quark by s i t a g ia . Operators can be classified according to their n-body character. Thus, operators containing a product of n SU´6µ generators acting only on the core, and operators containing a product of n 1 SU´6µ generators acting on the core and at least one generator of O´3µ ªSU´6µ acting on the excited quark, are said to be n-body operators. The 1 N c counting can then be determined by the following two criteria:
i) An n-body operator requires that at least´n 1µ gluons be exchanged between the n quarks, and thus, the coefficient that multiplies the operator in the effective theory is proportional to 1 N´n 1µ c . Henceforth, this factor will be absorbed in the definition of the operator.
ii) In the large N c limit the SU´6µ generators G c ia with a 1 2 3, and T c 8 have matrix elements of order N c between states with spin and strangeness of order N 0 c , and they are therefore called coherent generators. The presence of coherent factors in a composite operator leads to an enhancement of its matrix elements between such states given by a power of N c . In order to determine that power it is necessary to first reduce the products of generators by means of the commutation relations.
At this point it should be noted that there is an ambiguity in the identification of the physical states for N c 3 with the states in the large N c spin-flavor multiplet. As in previous works, we resolve this ambiguity by identifying the physical states with those of spin and strangeness of order N 0 c so that (ii) can be applied. In the construction of composite operators identities for certain products of generators valid in a given irreducible representation of SU´6µ should be used. These identities or reduction rules have been given in Ref. [23] for the case of the S representation of SU´6µ.
The mass operators in the basis must be rotationally invariant, parity and time reversal even and isospin symmetric. At order N c the basis of SU´3µ singlet operators consist of one operator, namely the identity operator that essentially counts the number of valence quarks in the baryon and, therefore, preserves spin-flavor symmetry. At order N 0 c only operators involving factors of the orbital angular momentum appear. It is not difficult to understand why there are operators of order N 0 c : by looking at the constituent quark picture, the excited quark moves in the effective potential of order N 0 c generated by the core giving rise to a spin-orbit interaction (e.g. the ¡s operator) with a strength of order Table 1 . The 1-body operator O 2 is the ordinary spin-orbit operator, while the remaining operators are 2-body and involve factors carrying flavor. The dynamics giving rise to composite operators involving flavor exchange is not understood but it is likely that long distance effects due to the pion and kaon clouds give an important part of the strength to these -44 ¦ 43
operators. In particular pion-exchange quark models [24, 25] Table 1 . Among them is the very important hyperfine operator O 6 , known to play a crucial role in baryon spectroscopy. Note that there are also three 3-body operators as well.
The breaking of SU´3µ symmetry is driven by the mass difference m s m, wherê m is the average of the u-and d-quark masses. A measure of the breaking is given by the ratio ε Ḿ 2 K M 2 π µ Λ 2 where Λ is a light hadronic scale, for instance a vector meson mass. Here SU´3µ breaking will be included to order ε. Note that for N c 3, ε and 1 N c are of similar size, and therefore corrections of order ε N c are neglected. At order ε the effective operators are obviously octets. Explicit construction gives four basis operators, two 1-body and two 2-body operators. Listed in Table 1 are improved operators obtained by combining the octet pieces with singlet operators in such a way that the resulting operators,B 1 ¡¡¡ 4 , have vanishing matrix elements between non-strange baryons. Note that the operatorB 2 consists of two pieces of order N c , namely T c 8 and the operator O 1 . However, the order N c pieces cancel andB 2 is actually of order N 0 c . It should be mentioned that, for reasons explained below, several singlet and octet operators differ from those in [9] and [19] by a scaling factor.
The calculation of the matrix elements of these operators in the basis described in the previous section is a rather lengthy task. For this purpose the Wigner-Eckart theorem has been repeatedly used to express any given matrix element in terms of combinations of SU´2µ and SU´3µ Clebsch-Gordan coefficients and the reduced matrix elements of the elementary operators acting on the core and excited quark, S c i T c a G c ia and s i t a g ia , respectively. As usual such reduced matrix elements were expressed in terms of Clebsch-Gordan coefficients and some particular matrix elements which are simple to evaluate explicitly. Fortunately, for the cases of interest there exist analytic formulas for all the SU´2µ coefficients and SU´3µ isoscalar factors involved in the calculations. Consequently, it has been possible to derive explicit expressions, in terms of N c , for all the matrix elements of the singlet and octet operators included in the present analysis [20] . It also is possible to check that certain combinations of operators are demoted to become of higher order in 1 N c in the sector of non-singlet baryons. As it was observed in [9] 
FITS AND DISCUSSIONS
In terms of the basis of operators introduced in the previous section the 70-plet mass operator up to order 1 N c and order εN 0 c has the most general form:
where c i and d i are the unknown real coefficients to be determined by fitting to the known masses and mixing angles. These coefficients encode the non-perturbative QCD dynamics that cannot be constrained by symmetries. Calculating these coefficients would be equivalent to solving QCD in this baryon sector. Fortunately, the experimental data available in the case of the 70-plet is enough to obtain them by performing a fit [19] . The inputs to the fit consist of seventeen masses of negative parity baryons which have been assigned a status of three or more stars by the Particle Data Group [22] , and the two leading order mixing angles θ 1 0 61 ¦ 0 09 and θ 3 3 04 ¦ 0 15 on which there is a rather good consensus about their values as obtained from strong decays of the nonstrange members of the multiplet [26, 17, 6] . Note that θ 3 is consistent with zero mod π. Thus, the fifteen coefficients are fitted to these nineteen observables. Of course, a larger number of inputs would have been desirable in order to increase the confidence level of the results. It is however expected that the chief features of the results that are found here are sufficiently well established with these inputs. Before proceeding to the numerical analysis of the masses, it is important to establish relations among observables that must hold to the order of this analysis. Including SU´3µ breaking to all orders there are fifty observables, namely thirty masses and twenty mixing angles. Since there are fifteen operators in the basis being considered, there must be thirty five relations. On the other hand, if SU´3µ breaking is considered only to order ε, there are thirty five observables where twenty one of them are masses and fourteen are mixing angles. This then implies that up to order ε and order 1 N c there are twenty relations. Among these relations there are those independent of the leading order mixing angles resulting among traces of mass matrices for states with the same quantum numbers I and J. There are thirteen such relations, which are independent of the coefficients c i and b i , all of them involving mass splittings. Five of them are GellMann Okubo relations (one per octet), four equal spacing rules (two per decouplet), and four novel relations that involve mass splittings across SU´3µ multiplets. These relations are given by:
where s B i is the mass splitting between the state B i and the non-strange states in the SU´3µ multiplet to which it belongs. For the purpose of identifying the states within an SU´3µ multiplet the order ε mixing is disregarded. It is important to stress here that these relations are independent of the leading order as well as the order ε mixings.
As already mentioned, several of the singlet and octet operators defined in this article differ from those in [9] and [19] by a scaling factor. The reason for this is that here the operators have been defined in such a way that their matrix elements are of the same order in 1 N c at which the operator contributes. With this, the natural size of the coefficients of singlet operators is about 500 MeV as the analysis below shows, and that of the coefficients of SU´3µ breaking is about ε ¢500 MeV 150 200 MeV.
The fit has been performed by treating the singlet pieces of the mass operator exactly and the SU´3µ breaking to first order of perturbation theory in ε. This approach is justified in practice by the fact that the hyperfine interaction turns out to be the dominant spin-flavor breaking piece. The results of the fit are given in Table 1 , where the natural size of the coefficients associated with the singlet operators is seen to be set by the coefficient of O 1 . In fitting the data the experimental errors given by the Particle Data Group [22] are taken whenever they are larger than the expected magnitude of higher order corrections in the analysis. These corrections are of order ε 2 or ε N c , and their magnitude is taken to be about 15 MeV. Although this is not crucial for the outcome of the fit, the resulting χ 2 is more realistic. For instance, the singlet Λ masses are known experimentally within 5 MeV, and taking this error, which in magnitude would correspond to a higher order of precision in the expansion in ε and 1 N c , would be unrealistic. Table 2 displays the empirical masses together with the masses, whose χ 2 per degree of freedom turns out to be 1 29. Also given are the masses provided by the Isgur-Karl model [17] .
In order to better understand the outcome of the fit, it is convenient to first emphasize the hierarchy that emerges from the analysis. As it was already found in the analysis of TABLE 2. Masses (in MeV) as predicted by the 1 N c expansion as compared with empirical values of all states with a status of three or more stars in [22] and those of the quark model calculation of Isgur and Karl [17] .
and it is interesting to note that in its general aspects it agrees with the hierarchy that results in constituent quark models.
In what follows we present a more detailed description of the role of the different singlet and SU(3) breaking operators.
The hyperfine operator O 6 gives the gross spin-flavor breaking features in the 70-plet. This operator does not affect the singlet Λ states which involve core states with S c 0 only, while it increases the masses of the rest of the states according to the S c 1 content of the cores. The typical mass shifts produced by this operator are 160 MeV, which is the natural size expected from 1 N c counting alone. In particular, this makes clear why the singlet Λ's are the lightest states in the 70-plet, as it is well known from the early works in the constituent quark model based on QCD [27] . In the large N c limit the hyperfine interaction in the core should be the same as in the ground state baryons. The ∆ N splitting gives for the ground state baryons a strength of 100 MeV for the hyperfine interaction defined by ∑ It should be mentioned here that, as it occurs in the ground state baryons, the hyperfine operator has actually coherent matrix elements between states with spin of order N c , for which the splittings between states are of zeroth order.
The spin-orbit operator O 2 has the peculiarity of being one of the two operators that affect the singlet Λ masses (note that improved SU´3µ breaking operators also do, but only through their singlet pieces proportional to the unity and spin-orbit operators, since the octet piece has vanishing matrix elements for these states). The splitting between the singlet Λ's is therefore a direct measure of the spin-orbit interaction. The fact that the splitting is only 113 MeV indicates the weakness of the spin-orbit effect. This is perhaps the best indication that the formal problem originating in the fact that spinflavor symmetry is broken at order N 0 c is rather harmless in practice. Understanding the smallness of the spin-orbit interaction from QCD is an important open dynamical problem.
One interesting observation can be made concerning the splittings between spinorbit partners in the 56-plet. The positive parity 56-plet with 2 containing the spin-orbit partner N £ states N 3 2´1 720µ and N 5 2´1 680µ, and the ∆ £ states ∆ 1 2´1 910µ, ∆ 3 2´1 920µ, ∆ 5 2´1 905µ and ∆ 7 2´1 950µ [22] shows very small splittings. Indeed, these splittings are suppressed by a factor one third or smaller with respect to the spin-orbit splitting between the singlet Λ states in the 70-plet. Since the coupling of orbital angular momentum within the 56-plet is of order 1 N c , it is possible that this suppression is just a manifestation of the 1 N c expansion.
The remaining two operators of order N 0 c involve flavor exchange and give also contributions that are rather small, but important in the understanding of two issues.
i) The first issue is the so called spin-orbit puzzle in the quark model that can be summarized by the incompatibility between such splittings in the sector of non-strange baryons and in the singlet Λ's. The operator O 4 gives contributions that compensate those of O 2 to the splitting between the spin-orbit partner states ∆ 1 2 and ∆ 3 2 , where the manifestation of the spin-orbit puzzle was most dramatic. The operators O 3 and O 5 do also give some relevant contributions to such splittings for other states, but they are smaller than those of O 4 . A conclusion that can be drawn here is that the spinorbit puzzle in quark models is resolved by the flavor-exchange effective interactions not included in that model and that appear naturally in the 1 N c analysis.
ii) The second issue is the leading order mixings that are due to the off diagonal matrix elements in the two octet mass matrices. In particular, the mixing angle θ 1 , which is the only significant one of the two leading order angles, is almost entirely determined by the operator O 3 . The angle θ 3 receives contributions from several operators (O 2 ¡¡¡ 5 9 11 ) that are of similar magnitude and tend to cancel.
The hyperfine operator O 7 gives very small contributions. This operator involves the spin-spin interactions between the excited quark and the core, which according to the constituent quark picture is suppressed by the centrifugal barrier. The current analysis shows that this operator gives splittings much smaller than those by O 6 and of the order of 25 MeV, in qualitative agreement with the quark picture.
The operator O 5 and the three-body operators give contributions whose magnitude is in the few tens of MeV, i.e. much smaller than the natural size of 1 N c contributions, and have no clearly definite effect with which they could be associated. They do however contribute to the ultimate quality of the fit. Finally, the operator O 8 is clearly irrelevant.
Concerning SU´3µ breaking, only three out of the four SU´3µ breaking operators are significant giving natural size contributions.B 3 is weak and can to some extent be disregarded. The dominance of the O 6 operator may indicate that associated octet operators such as
, which is of order ε N c , would be important, even when it appears at higher order than the ones considered in this paper. Although this may be so, the available data for splittings does not allow to pin down the relevance of such an operator. The fact is that with the four improved leading order operators already included the fit is very good, and the inclusion of such operator does not lead to a significant improvement. More data on SU´3µ splittings would be required to clarify this issue. The inclusion of such an operator would spoil the splitting relations of Eq. (8) . The main observations on SU´3µ breaking are the following:
• Only one relation can be tested with available data, namely the Gell-Mann Okubo relation for the J 3 2 octet that is predominantly S 1 2. Determining the masses of the Ξ ; by including the two-star state Σ 1 2´1 620µ as input that relation is satisfied to a few percent.
CONCLUSIONS
The 1 N c expansion for excited baryons has been implemented under the assumption that there is an approximate spin-flavor symmetry in the large N c limit. This assumption relies on the observation that zeroth order violations of this symmetry are very small in practice. Consequently, the only effects that have been left out in the analysis carried out for the SU´6µ 70 plet are related to spin-flavor configuration mixing. Since the analysis shows that the zeroth order spin-flavor breaking in the 70 plet has a magnitude smaller than the natural size of first order contributions, the scheme is phenomenologically sound.
The analysis also shows that the 1 N c expansion can be consistently applied because there are no corrections that are unnaturally large. On the other hand, a hierarchy emerges in the form of effective coefficients being unnaturally small. In its gross features the picture that emerges is similar to the quark model one, but at a finer level the suppressed dynamics manifests itself in particular through flavor exchange effective interactions, largely absent in most quark models, which are important in describing two effects, namely, the zeroth order mixings and the resolution of the spin-orbit puzzle.
At the level of SU´3µ singlet spin-flavor symmetry breaking the level of predictivity is quite limited, the reason being that the number of observables is equal to the number of operators in the singlet basis up to order 1 N c . There is however predictivity at the level of SU´3µ breaking to order ε ¢ N 0 c : besides Gell-Mann Okubo and equal spacing relations there are four new relations across different SU´3µ multiplets. Unfortunately, with the available data only one Gell-Mann Okubo relation can be tested. This should be a motivation to experimentally establish a few more key states in the 70 plet.
The present analysis provides a useful framework to sort out and understand results from lattice QCD simulations of excited baryons. The 1 N c expansion allows to separate the contributions that follow from the dynamical SU´2Fµ symmetry and its breaking, from the non-perturbative reduced matrix elements of the QCD operators. In particular, the Λ´1405µ appears naturally as the lightest state and a spin-orbit partner of the Λ´1520µ. The spin-spin and spin-orbit interactions that give the gross structure of the 70-plet are especially interesting and lattice simulations together with the 1 N c analysis could help to further understand their nature.
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